This investigation was suggested by the fact that Gerretsen et al. in 1923 reported the isolation of a bacteriophage from the root nodules of clover, lupine, and serradella, and also that the dissolution of the bacteria in the nodules of leguminous plants might be due to the action of the bacteriophage. The bacteriophage was specific in its action for the bacteria of the species of leguminous plants from which the lytic agent was isolated, i.e., the phage isolated from clover nodules produced only a slight action upon Rhizobia from common beans and none whatever upon Rhizobia from lupine. The phage from serradella failed to produce lysis of the nodule bacteria from lupine, vetch, peas, clover and sanfoin. Gerretsen and his associates were able to isolate the phage from the roots and stems of the leguminous plants as well as from garden and field soil. The phage resisted heating for fifteen minutes at 65°C. and was qwute resistant to drying and ultra-violet light. Attempts to produce lysis of the homologous organisms on agar plates were unsuccessful, although an inhibition of growth was noted.
R. HITCHNER EXPERIMENTAL
After several unsuccessful attempts to confirm the results of Gerretsen, Grijns, et al. the author has been able to isolate a bacteriolytic principle from red clover nodules which is active against one strain of the bacteria from red clover.
In the isolation of this bacteriolytic principle the following procedure was employed: Six nodules were selected from each plant, washed thoroughly in tap water and treated with Hg(Cl)2 solution (1: 1000) for fifteen minutes. The nodules were then thoroughly washed with sterile distilled water and collectively crushed in a few drops of yeast water broth. Isolations from these crushed nodules were made on yeast infusion agar. The macerated nodules were then transferred to a tube of yeast infusion free of sugar and incubated at 28°C. The medium was autoclaved at 15 pounds for thirty minutes, then filtered through several thicknesses of filter paper until clear; adjusted to pH 7.6, tubed and sterilized. After sterilization the media showed a slight turbidity, but cleared upon standing. After five days this culture was filtered through a B&rkefeld filter (porosity fine) and the filtrate tested for sterility. Five cubic centimeters of this filtrate were added to 20 cc. of a twentyfour-hour-old liquid culture of the homologous organism. This tube was then incubated for ten days at 28°C. after which it was filtered, and the filtrate, after testing for sterility, was added to a twenty-four-hour-old, culture of the homologous organism.
Serial transfers were carried out in this manner decreasing the amount of the filtrate added with each successive transfer.
By employing the above technic in several experiments with nodules from red clover plants, a tube in one experiment showed a decided inhibition of growth in the fourth serial transfer. In the fifth transfer the turbidity cleared up completely after twentyfour hours incubation. This culture, hereinafter designated the sensitive strain, has been carried through 20 serial transfers, decreasing the amount of filtrate added until in the twentieth transfer, a clearing resulted in twenty-four hours with the addition of one loopful of the nineteenth filtrate to 10 cc. of a twenty-fourhour-old culture of the homologous organism. There was no evidence of lysis of the homologous organism in any of the other experiments.
DISCUSSION
In the course of this work, numerous nodules taken at various ages from pea, bean, sweet clover and alfalfa plants as well as those from other red clover plants, have been examined as to the presence of a lytic agent without success. Although Gerretsen suggests that the phage may be active in bringing about the dissolution of the bacteria in the nodule, the author has repeatedly failed to isolate a lytic principle from numerous nodules in which the bacteria were evidently undergoing dissolution as evidenced by the difficulty in isolating the organisms from them. Such nodules were discolored, watery, and ruptured easily. Stained preparations made directly from these nodules have shown very few bacteria.
Certain characteristics of the lytic agent Attempts to increase the potency of the lytic principle by further serial transfers have not been successful. With the technic employed the limits of potency lie between 1 X 10-4 and 1 X 10-6. According to the scheme of d'Herelle (1926) the principle would be classified as weak. Whether this is due to a loss in filtration cannot be stated at this time. Todd (1927) claims that the phage for the Shiga organism has a negative charge and that when the filtration of a lysed culture takes place within the range pH 5.0 to 7.6 there is little or no loss. Rivers (1928) states that filters of kieselguhr, such as the Mandler and Bbrkefeld types, have negative charges. Since the reaction of these lysed solutions was never below pH 7.0 there should have been little loss due to absorption by the filter particles in the amount of liquid filtered, usually 10 cc. d'Herelle (1928) suggests that the inability to increase the potency of the filtrate by further serial transfers may be due to the fact that the homologous organism is inherently somewhat resistant to the lytic agent, since he has found that lysable strains vary in their sensitivity to the agent.
The lytic principle is heat labile, a temperature of 70°C. for five minutes serving to inactivate it, as shown by the following experiment. Three 750 cc. flasks containing 200 cc. of yeast infusion broth were inoculated with 1 cc. of a twenty-four-hour-old culture of the sensitive strain of the red clover organism. After twenty-four hours incubation, at which time a definite turbidity had developed, the flasks were treated as follows:
Flask I-2 cc. unheated filtrate added Flask II-2 cc. heated filtrate added Flask III-bacteria only Flask IV-uninoculated control After twenty-four-hours incubation flask I was completely cleared while flask II showed no evidence of clearing. Upon further incubation secondary growth developed in flask I. Usually within two days, growth again developed in the lysed cultures and they became as turbid as the cultures containiing the bacteria but no filtrate.
Strains resistant to lysis
Cultures isolated from tubes showing secondary growth were inoculated into the yeast infusion media. After twenty-four hours incubation a small portion of an active filtrate was added and the tubes again incubated. These tubes were observed over a period of two weeks without any evidence of lysis. Serial transfers of the strains resistant to lysis in the presence of the active filtrate have likewise failed to produce any lytic action. When the active filtrate is first addbd to tubes of yeast infusion broth and the tubes inoculated at once with one drop of a twenty-four-hour-old culture of the sensitive strain, there is a marked inhibition of growth. Visible growth is delayed for two days when compared with the tubes containing the sensitive strain only, but upon continued incubation the growth is quite rapid. Cultures isolated from these tubes have invariably resisted the lytic action of a filtrate active against the sensitive strain. Experiments designed to determine the effect of the development of resistant strains upon the lytic principle were conducted by adding 0.1 cc. of an active filtrate to several tubes of a twenty-four-hour-old culture of the sensitive strain in yeast infusion broth.
Following the lysis of the culture and the development of secondary growth, the contents of the tubes were filtered at various times and the potency of the filtrate tested against the sensitive strain in serial dilutions. Even after ten days growth in the presence of the secondcry cultures there was no apparent loss in the potency of the lytic agent in the filtrate as compared with the filtrate taken at the time of lysis. Rivers (1928) reports the failure of resistant organisms to bind the bacteriophage.
Although the resistance of secondary cultures has been attributed to the production of slime, which offers a specific protection, Grumbach and Dimtza (1927) , this could not be true with the resistant strain reported in this paper, since there is no apparent difference in the amount of slime produced by the sensitive and resistant strains.
According to Bronfenbrenner and Korb (1925) In the three experiments cited it will be noted that the organisms were not completely destroyed, although after twenty-four to thirty hours incubation no turbidity was visible in the tubes containing the active filtrate. Plate counts made at this time showed the minimum number of viable organisms. Upon further incubation the cultures became quite turbid with a corresponding increase in the number of bacteria. After seven days the bacteria per cubic centimeter in the tubes containing the active filtrate greatly exceeded those in the control tubes. Since only cultures resistant to lysis were isolated from such tubes, it may be possible that the rapid secondary growth is due to a stimulation of the resistant strains in the presence of the lytic agent. Plate counts made during the period of active lysis (twentyfour to thirty hours) contained numerous abnormal colonies. This phenomenon was noted only in those colonies which were growing at the bottom of the plate. Surface colonies developed in a normal manner. The colonies exhibiting this abnormal appearance looked somewhat moth eaten. In many, an entire sector was dissolved, while in others the clear area was limited to the center of the colony. Quite frequently these areas radiated out from the center, so that the center and periphery appeared normal, while between these two points the clear areas appeared as narrow bands or canals. Israilsky (1926) describes similar canals in his work with B. tumefaciens. Transfers made from these clear zones have failed to promote lysis of the sensitive strain.
Specificity of the lytic principle
In a series of experiments in which an attempt was made to produce lysis of stock cultures of the red clover nodule bacteria by means of the filtrate active against the sensitive strain, only negative results were obtained. Four stock cultures of the red clover organism of known purity from the University of Wisconsin collection, as well as other cultures isolated by the author directly from red clover nodules, have been repeatedly cultured in yeast infusion in the presence of the active filtrate without any evidence of lysis. Attempts to develop sensitive strains by "training" these cultures according to the method of Shwartzman (1927) by repeated cultivation and filtration in the presence of the active principle have likewise met with failure. Gerretsen et al. (1923) report that a strain of the serradella organism obtained from the Pribram collection in Vienna was not lysed by their serradella phage. The specificity of the active lytic agent isolated by us was further demonstrated in experiments with the nodule organisms from peas, beans, alfalfa, sweet clover, and vetch where there was no evidence of lysis in any case.
Attempts to produce lysis on solid media Several experiments were conducted in an attempt to demonstrate lysis of the sensitive strain on solid media. In one series, yeast infusion agar plates provided with porous covers were prepared and on one-half of the plate 0.5 cc. of an active filtrate was evenly smeared. The plates were incubated at 40°C. until the surface moisture had evaporated and inocilated with the sensitive culture by drawing a loopful of the culture across the plate.
JOVBNAL OY BACTEBaOLOOY, VOL. 19, No. 3 After incubation, there was no apparent difference between the growth on the side containing the filtrate and that containing no filtrate. In another series the procedcire followed by Koser (1927) for demonstrating lytic action on solid media was followed. Agar slants were inoculated with the sensitive strain and after twentyfour hours incubation one drop of an active filtrate was allowed to flow down the center of the slant and the tubes further incubated. No evidence of plaques or lytic areas was found by this procedure. To plates of yeast infusion agar, smeared evenly with the sensitive strain and incubated twenty hours until visible growth developed, loopfuls of an active filtrate were added at various points on the plates following the procedure of Burnet (1927) . Upon further incubation there was a slight inhibition of growth in the presence of the filtrate, but after three days this effect was no longer evident and the growth appeared normal. Attempts to verify the work of Grijns (1927) in producing lysis by cultivation on meat extract-sucrose agar have likewise failed. The sensitive organism grew very slowly and meagrely on this medium.
Plant passage experiments Both the sensitive and the resistant strains produce nodules on red clover plants grown in a modified Bryan's-nutrient agar. In order to determine whether or not these strains maintained their characteristics toward the lytic agent, isolations were made from several nodules from the plants inoculated with the sensitive and resistant strains. The cultures were grown in yeast infusion in the presence of the lytic agent. All cultures isolated from nodules produced by the resistant strain were resistant to the agent, whereas each culture isolated from the nodules produced by the sensitive strain was lysed.
In order to determine the effect of further plant passage upon the sensitivity or resistance of the organisms isolated in the first plant passage to the lytic agent, the following jar experiment was conducted. To 10 one-half gallon jars filled with quartz sand and sterilized, a sufficient amount of a modified Bryan'snutrient solution was added to provide the necessary plant food. transfers and filtrations in the presence of its homologous organism without any loss in activity. However, the potency of the filtrate has failed to increase markedly during these serial transfers.
3. The agent is specific for its own homologous strain and fails to produce lysis of stock strains of the red clover nodule bacteria as well as of strains isolated from peas, beans, alfalfa and vetch.
4. Upon continued incubation of the lysed culture, secondary growth develops. Bacteria, isolated from such secondary growth, resist the lytic action of the agent.
5. Attempts to produce lysis on solid media by streaking the sensitive organisms and agent on the surface of agar plates have failed.
6. The sensitive and resistant strains both exhibit the characteristics of the red clover nodule bacteria and produce nodules on red clover.
7. Isolations made from nodules from young plants produced by these respective strains reveal only the homologous strain. Results are submitted which may indicate that the resistant characteristics are lost upon prolonged growth within the nodule.
